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Abstract

The sequence of development as hypothesized by Piaget

has been confirmed for various groups of children by

cross-sectional and longitudinal studies. Such consistency

has increased interest in constructing scales based on

Piaget's theory according to psychometric principles.

.Three major problems were discussed which present

definite obstacles in the development of a general scale.

CX) (1) A Piagetian test, encompassing all stages and operations

C\1 within individual stages, would be so broad in scope that

C:

0 thorough testing may be precluded. (2) Piaget's clinical

method of questioning may not be ameanable to standarization,

1:14; hence, unreliability from a psychometric standpoint. (3)

Erl
Piagetian demonstrations have been presented in many different

forms and at various degress of complexity; such diversity

necessitates an imposing task of selecting a set of items

most representative of the sequence of development.

'Considering these overriding problems, the authors concluded

that one scale representing Piagetian development in general

may be an impossibility.
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A Psychometric Approach to Piaget:

Some Theoretical and Methodological Implications

Roland K. Yoshida, C. Edward Meyers

University of Southern California

and Russel E. Orpet

-California State University, Long Beach

The construction of scales based upon Piaget's theory

has gained considerable support from various groups of

professionals.(Pinard & Laurendeau, 1964; Sullivan, 1967;

Woodward, 1963). Piaget himself once expressed such an

interest (Piaget & Inhelder, 1947) though he. has left the

task of test construction to others. The central theme

underlying this movement is the argument that currently

used intelligence tests have fulfilled statistical but

not logical criteria for a "good" test. Moreover, Binet

and Wechsler type tests have been challenged on the

following grounds: a) they measure outcomes rather than

processes, b) they are biased in sampled content and in

norming with only white middle class children (Williams,

1971), and c) their difficulty levels are established on

statistical bases, not inherent difficulty. The marketed

intelligence tests are merely attempting to discriminate

among children at various ages, using items chosen for

their ability to do so. A more acceptable approach to
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mental testing is one wnose items are selected on the

basis of a genuine theory of cognitive development.

Piaget's theory offers just such a possibility.

In an address presented to this conference last

year, Meyers (1972) posed the following question: Can

Piaget's theory provide a better psychometry? Although

some optimism was suggested for limited scales, a set of

problems was forwarded which could ultimately question

the validity of scales based on Piaget's theory. It

is the purpose of .this paper to discuss those' theoretical

and methodological questions in more detail with the

intent of cautioning interested professionals to the

issues of applying' psychometric principles to Piagetian

theory in the hopes of-producing useful and valid scales.

The first step in constructing scales based on a

theory is to determine whether the theory is a valid one;

that is, internally consistent and amenable to testing.

Innumerable studies have replicated many of Piaget's

stages and demonstrations showing them to be in true

ordinal relationship to one another for various groups of

children, including the developmentally disabled (Inhelder,

1968; Reiss, 1968; Yoshida, 1973). A wide range of ages

mark the onset of different operational behaviors but

the order of their appearance remains invariant. The

stages of tasks such as conservation items of the Goldschinid-
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Bentler (1968) variety form in most cases a Guttman

scale which is sensitive to the hierarchical sequence of

items in which the most difficult item succeeds the easier

ones and so on. In short, we have a tentative validation

of the theory.

The test development work, like most Piagetian

research, thus far has almost exclusively employed cross-

sectional designs. The usual procedure selects subjects

according to age, then noting whether their responses

forma Guttman scale. This procedure has the usual

drawbacks of a cross-sectional study, namely that we are

not completely sure that initividual children follow

a particular pattern of development over the long-

term, particularly whether they demonstrate.an order that

deviates from the hypothesized sequence of development.

In other words, order found by cross-sectional techniques

will always be tentative. A longitudinal study must be

conducted to insure the validity of the hypothesized order.

We have knowledge of two longitudinal efforts.

One project by Almy and others (1966) confirmed that

conservation of number precedes that of continuous

quantity or liquid conservation as was found in replication

studies. An ongoing project by Stephens at Temple

University using normal and mentally retarded subjects

(Stephens, McLaughlin, & Mahaney, 1971) has yet to
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publish complete findings on the order of stage develop-

ment. Their preliminary data appear to indicate correspondence

with Piagetss findings. Though narrow in domains examined,

longitudinal studies have resulted in a qualified validation

of Piaget's stages.

Finding general validation does not give us sufficient

reason to accept Piaget as an alternative to the current

measures. We must also ascertain whether Piagetian tasks

measure a construct different from those sampled by present

.tests or do better in the measurement of what is intended

to be measured. Kaufman (1971) factor analyzed a test

battery consisting of the Lorge-Thorndike Intelligence

test, Gesell School Readiness test and a Piagetian battery

composed of some conservation, class inclusion, logic

and geometric problems to a group of elementary school

children. Each test loaded on separate factors, demonstrating

the relative independence of 2iagetian tasks from the

content of other psychometric instruments. Meyers and

Orpet (1971) found with 5i year olds that their selected

conservation tasks did not load on a single factor but

were factorially complex. Although some of the tasks loaded on

factors containing some WPPSI, Raven and ITPA subtests,

there was a high degree of specificity for the. Piagetian

tasks in relationship to the various psychometric instru-

ments. Finally, correlations of Piagetian tasks with
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MA, IQ, and the subtests of the WISC are generally low,

rarely exceeding .50 (Dodwell, 1961; Elkind, 1961; Goldschmid,

1967); the highest r's, +.52-+.621 were obtained by

Dudek, Lester, Goldberg, and Dyer (1969). Even with

an MA range of 2i to 8 years in trainable mentally retarded

subjects, Yoshida (1973) found Kendall tau coefficients of

only +.32 or lower between Binet MA and Guttman scale scores

of Piaget-Inhelder haptic perception tasks. Thus, Piagetian

tasks may tap aspects of a construct of intelligence which

are quite different from those sampled by the WISC and other

psychometric instruments.

Thus far we have developed two conclusions. One,

the Piagetian scales have been shown to follow the general

sequence hypothesized by Piaget and his co-workers over

different test situations and subjects. Two, they are

sukltantially independ6nt of the constructs measured by

traditional instruments. Considering these findings,

we have strengthened the rationale for building standardized

Piagetian scales which may be used in conjunction with or

eventually replace the Binet and its derivatives.

Assuming that we accept Piagetian theory as our

standard of development, what are the problems encountered

in constructing a useful test or battery of tests? First

of all, Piagetls theory spans a large section of time

analyzing levels of development in various concepts.
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We have to contend with time and content dimensions

which may not be readily reduced into one scale.

Secondly, we are well aware of the published protocols

of Piaget and his colleagues in which the investigator

interacts with his subject. The obvious difficulty is

extracting those aspects of Piaget's questioning technique

which are modifiable for easy wording and in a more

important sense, standardization. Not to be ignored are

the many ways within demonstrations such as class inclusion

which were varied by Piaget to determine the qualitative

aspects of growth. What variations in materials would

make for the most valid diagnosis have yet to be determined.

As a result, we have an enormous albeit rich corpus of

materials and methods from which to select our test

items. If we reduce this body for the sake of efficiency

and standardization as a psychometric approach would

necessitate, would we be compromising the validity of

our final product? What follows is a discussion centering

on the issues of inclusiveness of tests, the method of

questioning and the complexity of,test materials based

on Piaget's theory.

Let us begin with the issue i)f inclusiveness.

Piaget's mental development theory encompasses a fairly

large chronological age range of a typical child's life.

Certain classes of behaviors and mental structures have
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been hypothesized for neonates through adolescents.

Although the development of infant scales by Uzgiris and

Hunt (1968) and Escalona and Corman (1967) are of extreme

importance, they will not be typically employed in the

school setting. We need to concentrate on processes

beginning at two years and culminating with the higher levels

of formal operational thinking. What we are talking about

is a test which samples behavior from 2 to 18 years.

The most extensively reported prototype of such

a general scale is the one devised by Pinata and Laurendeau

(1964) comprising of 57 subtests beginning with items

from the preoperational stage and extending to the formal

operations stage. Twenty-five subtests were directly

taken from PiFcret's work in the areas of causality, time,

movement, spe relations, numlar, space and conservation.

The attempt by the constructors to devise a comprehensive

scale across most stages and content domains reveals the

extreme caution taken to insure proper placement of the

examinee on a general scale of development. Altogether

the test required 10 hours on the average to administer

and was divided into four to six sessions depending on the

child's age. Use of the clinical method may explain in

part the prohibitive amount of time taken to adminster

the battery. Nevertheless, the sheer number of tasks

contributed to most of the time involved.
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The above effort exemplifies the possible breadth

of a Piagetian test battery. Our goal is to assess a

child in relation to an operational level, not limiting

ourselves to a certain type of demonstration. Published

or quasi-formal Piagetian test instruments are quite

limited.in scope. For example, the Ooldschmid-Bentler

Conservation Assessment Kit taps only conservation of some

of the more popular tasks such as substance, weight,

liquid, number and so on. Processes such as seriation and

transitivity and other tasks drawn from the concrete

operational stage are not sampled. Accor4.ingly, the test

inadequately assesses children who have reached this

level of thinking and the generality of results are

restricted to conservation only.

What we are saying is that conservation is only

a partial sampling of the concrete operational stage.

By limiting the test to only conservation as an example,

we may make judgments to specific content areas without

more precisely pinpointing development of a more gene rat

nature. That is, can children who correctly solve conserva-

tion problems also respond operationally to class inclusion

problems which have been hypothesized to be at the same

level of development?

In general, Piagetian demonstrations load on separate

factors and produce low intercorrelations among then selves.
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unzar (1970) sampling the conservation, classification,

logic and spatial douains found that those Piagetian

tasks yielded four factors. The largest factor in terms

of variance accounted for loaded with most of the items

from the battery. However, the other three factors,

classification, spatial and what Lurzar termed a verbal

factor comprised 40,; of the total variance, demonstrating

the diversity of the abilities sampled. Kaufman also

found separate factors from his battery of Piagetian

tasks. Another innovative experimenter, Tuddenham of

the University of California, Berkeley (1971) found

low intercorrelations among his tasks. Unreliability

was ruled out as a possible explanation for such a diffuse

correlation matrix. Similarly, Goldschmid and NacFarlane

(1968) found correlations on the order of +.25 between

scores from Form A of the Conservation Assest:ment Kit

with tests of probability, seriation,' classification

and perspective., With the exception o: the latter

investigators, specificity of tasks was forwarded as the

probable cause for the above results.

The four studies indicate that although we are

dealing with a single course of development, specific

operations are manifested noncorrespondingly across the

different content areas. In order to accurately and

validly assess growth of the total operational system,

we must sample a wide variety of tasks.
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Our second point of controversy concerns Piaget's

use of the clinical method to prn;-: the child's ability

to understand a.task. Briefly, Piagetian tasks are

presented in the following manner:

a) Language check is made before commencing
the demonstration cr judgment to this effect
during testing.

b) Agreement to the properties of the tasks such
as in a classification task that all the beads
are wooden, their colors and other properties
as size are the same.

a) Establishment of equivalense if necessary as
in a typical conservation problem as liquid
in which water is at the same level in all
beakers.

d) Perceptual transformation of the objects or
some change in the presented situation.

a) Judgment question.

f) Explanation questions.

The first five steps are dispensed with rather quickly.

However, the child must explain his judgment answer. A

Piagetian process does not merely ask a question to a given

problem, recording the responses as right or wrong. It

probes into how the child reached his conclusion or

judgment by challenging and counterbuggesting to determine

whether the answer was contrived given this response

"my teacher told me sot° perceptually oriented as "they

both look the same," or a true mastery of the concert.

What we have here is the desire to increase
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confidence in assess!lient. The distinction is often

made between appraising what a child does given standard

objective questions in contrast to what he can be brought

to do with the appropriate probing of the clinical

method. This procedure unsheaths a two-edged sword.

On the one hand, we could disuade a child who is unsure

of his answer. We could uncover the fact that his schema

is not completely intact. On the other hand, we might

tease out of a youngster an acceptable conceptual response

after he unwittingly gave a nonoperational response as

"we found out in science." Quite possibly he did but

if he can adequately explain the concept we would change our

conclusion to one of the subject thinking at a higher

operational level.

The inclusion of the clinical method in test instru-

ments has become an important issue. If the clinical

method is drastically altered for the sake of convenience

and efficiency or is eliminated entirely as some writers

have suggested (Brainerd, 1973), are we really removing

most of the characteristics of a valid Piagetian

exploration as Inhelder, Bovet, Sinclair and Smock (1966)

contend?

Quasi-clinical methods have been devised which

standardize questioning but allow individual discretion

in deviating from the set pattern (Lunzar, 1970; Tuddenham,
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1971). Tuddenham in particular states that the clinical

method a la Piaget was ideal for discovering qualitative

differences in a childss thought and for formulating

a theory of development. However, such a technique

interferes with the presentation of materials under

identical conditions which is the psychometric approach.

Tuddenham argues that the groundwork for substantiating

the theory has been completed and that for test purposes

liberties may be taken with the method clinique. His

modified version of the clinical method is in the spirit

of Piagetian inquiry. He allows the child to explain

his judgment. When ambiguity as to the nature of responses

occur, standard questions are then administered to fit

the individual case. Rigorous investigation must be

conducted between results using the classical method and

any of the alternative procedures before any one of them

is accepted. We could thus have the best of both worlds.

Our third problem is that of task complexity of

materials.which may have specific effects on results.

Feigenbaum (1963) varied the number of beads and the

perceptual disparity between containers in a discontinuous

quantity problem. In his experiment, 12 beads- -were

presented in one condition and 24 in another. The

physical size difference between the original glass

containers and the one the beads were to be poured into
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was reduced to produce less perceptual distortion. The

findings were somewhat mixed. The increased number of

beads resulted in fewer conserving responses for children

who were concluded to have incomplete operational

structures. The size of the containers had no effect on

the frequency of correct responses for the entire group of

subjects. Goldschmid (1967) also reported differences

in correct judgments with conservation of substance,

continuous and discontinuous quantity when complexity

of materials was manipulated. The above evidence suggests

that constructing items may not be a simple undertaking.

Attention must be given the variables affecting the item

difficulty for each Piagetian task.

This_ paper has reviewed the basic rationale for

developing tests based upon Piaget's mental theory. We

have discussed the problems of inclusiveness, method

of interaction with the examinee and the complexity of tasks

. selected for inclusion on such a test. No doubt, the

problems are formidable and possiblyinsurrmountable.

Test constructors are confronted with the pedicament

of preserving the consistency between theory and a test

instrument while at the same time fulfilling the require-

ments of standardization, brevity and efficiency. These

two approaches may not be compatible as one would wish.

And the compromising of the two may not result in an



acceptable measure to either Piagetian purists or those

who desire a condensed testing instrument.

A parsimonious scale then by our view is almost

out of the question. The restrictions due to time and

the finding of separate content domains within stages

preclude-such a culmination. Rather limited scales

testing individual functions will be more within reason.

However, even that scenario may not be completed until

issues such as "the exploration method," item difficulty

of tasks and the order of item presentation are resolved.

The path before us is a formidable one; one that demands

patience, suggestion and countersuggestion to achieve

our goal.
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